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Claims 

1. A driving circuit of a liquid crystal display panel 
which has a plurality of pixels comprising a plurality of 1 1 a 

FET switching devices and a plurality of liquid crystal 
display devices arranged in a matrix form and in which 
sources of said FET switching devices arranged in one 
horizontal line are all are connected to a common source 
and gates of said switching devices arranged in one 
vertical line are all are connected to a common gate line, 
characterized by comprising: a source driving circuit 
having a vertical transfer register for selecing and 
supplying vertically arranged switching devices in the 
above common source line of the above liquid crystal 
display panel using as a source signal a ramp pulse which 
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is generated by a ramp pulse generating circuit device; and 
a gate driving circuit having a horizontal transfer 
register for selectively generating a digital image signal 
which is generated by an A/D converting circuit and a 
plurality of pulse width modulating circuits each for 
supplying a gate signal of a pulse width corresponding to 
said digital image signal to said common gate line, 
2. A driving method of a liquid crystal display panel, 
characterized by comprising the steps of: selectively 
supplying a ramp pulse in the vertical direction to a 
common source line which is common to each of a plurality 
of FET switching devices in one horizontal line 
constructing a plurality of pixels arranged in a matrix 
form; and selecting a pulse width modulation signal 
corresponding to an A/D converted digital image signal in 
the horizontal direction and supplying it to a common gate 
line which is common to every of the said FET switching 
devices in one vertical line. 

Detailed Description of the Invention 
[Industrial Field of Application] 

The present invention relates to a driving circuit of 
a liquid crystal display panel and its driving method. 
[Prior Art] 

A liquid crystal display panel of an active matrix 
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type has pixels comprising switching devices and liquid 
crystal display devices arranged in a matrix form. 

Pig. 3 is a circuit diagram of an example of a driving 
circuit of a conventional liquid crystal display panel. 

A liquid crystal display panel 7 has a plurality of 
pixels characterized by a plurality of FET switching 
devices Qla ~ and a plurality of liquid crystal display 
devices Cla „ arranged in a matrix form. Gates of the 
switching devices Qla, Qlb, ... arranged in a matrix form in 
the same horizontal line are connected to a common gate 
line 11a ~ and sources of the switching devices Qla, Q2a, ... 
arranged in a matrix form in the same vertical line are 
connected to a common source line 12a, 12b, 

Gate terminals Ga, Gb, ... are connected to the common 
gate lines 11a, lib, respectively, and source terminals 
Sa, Sb, ~ are connected to the common source lines 12a, 12b, 
respectively. 

A driving circuit of the liquid crystal display panel 
comprises: a source driving circuit 20s for supplying a 
sampling signal of an image signal vl to the corresponding 
source terminals Sa, Sb, and a gate driving circuit 20g 
for supplying a vertical selection signal vlla or vllb of a 
vertical transfer register 6a to the corresponding gate 
terminal Ga, Gb, 

Fig. 4 is a voltage waveform chart of respective 



3 



FROM S. E- L. CO. , LTD. 2F NOl 



1999* 9FI 6am) 17:01/S?I14:08/OTe^4801352l56 



portions for explaining the operation of the circuit of Pig. 
3. 

The common gate line 11a/ lib, ~., of the liquid 
crystal display panel 7 is selected by the vertical 
transfer register 6a of the gate driving circuit 20g, 
thereby turning on the horizontal switching devices (Qla 
and Qlb) of the liquid crystal display panel 7* 

An image signal va to be displayed on the liquid 
crystal display panel 7 is charged into a holding capacitor 
ClOa, CI Ob, .~, by switches QlOa, QlOb, ~, of a sample and 
hold circuit 10a or 10b selected by the horizontal transfer 
register la of the source driving circuit 20s. 

The charged image sampling signal allows the common 
source line 12a or 12b of the liquid crystal display panel 
7 to be charged through a buffer amplifier 9a or 9b and 
allows the liquid crystal display device Cla, Clb, to be 
charged through the horizontal switching device Qla, Qlb, 
of the liquid crystal panel selected by the vertical 
transfer register 6a, thereby performing a display, 
[Problems that the Invention is to Solve] 

In the above-mentioned driving circuit of the 
conventional liquid crystal display panel, since the image 
signal has to be sampled once and be then supplied to the 
common source line of the liquid crystal display panel, the 
source driving circuit to supply the signal to the source 
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line needs the sample and hold circuits and the output 
buffer circuits which can generate a precise analog voltage. 

For example, with the current MOS LSI technique, it is 
difficult to realize a source driving circuit IC so as to 
have an output variation of ± tens of mV or less. 

There is such a drawback that when the source driving 
circuit has a variation of ± tens of mV, the liquid crystal 
display panel displays unevenness. 
[Means for Solving the Problems] 

According to the invention, a driving circuit of a 
liquid crystal display panel, which has a plurality of 
pixels comprising a plurality of FET switching devices and 
a plurality of liquid crystal display devices arranged in a 
matrix form and in which sources of the FET switching 
devices arranged in one horizontal line are all are 
connected to a common source and gates of the switching 
devices arranged in one vertical line are all are connected 
to a common gate line, comprises: a source driving circuit 
having a vertical transfer register for selectively 
supplying vertically arranged switching devices in the 
above common source line of the liquid crystal display 
panel a ramp pulse which is generated by a ramp pulse 
generating circuit; and a gate driving circuit having a 
horizontal transfer register for selectively generating a 
digital image signal which is generated by an A/D 
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converting circuit and a plurality of pulse width 
modulating circuits each for supplying a gate signal of a 
pulse width corresponding to the digital image signal to 
the common gate line, 

A driving method of a liquid crystal display panel of 
the invention comprises the steps of: selectively supplying 
a ramp pulse in the vertical direction to a common source 
line which is common to each of a plurality of FET 
switching devices in one horizontal line constructing a 
plurality of pixels arranged in a matrix form; and 
selecting a pulse width modulation signal corresponding to 
an A/D converted digital image signal in the horizontal 
direction and supplying it to a common gate line which is 
common to every in one vertical line of the said FET 
switching devices • 
(Embodiment] 

The invention will now be described with reference to 
the drawings. 

Fig. 1 is a circuit diagram of an embodiment of the 
invention. 

A driving circuit of a liquid crystal display panel 
comprises: a gate driving circuit 20G for selecting a pulse 
width modulation signal corresponding to an image signal in 
the horizontal direction and supplying it to a gate 
terminal GA, GB, of a liquid crystal display panel 8; 
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and a source driving circuit 20s for selecting a ramp pulse 
in the vertical direction and supplying it to a source 
terminal SA, SB, of the panel 8* 

In the liquid crystal display panel 8, as opposed to 
the conventional liquid crystal display panel 7 in Fig. 3, 
the gate terminals GA, GB, are connected to vertical 
transfer register 6 and the source terminals SA, SB, ... are 
connected to the horizontal transfer register 1; the 
connections have been interchanged. 

The gate driving circuit 20G has: an A/D converting 
circuit 10 for receiving an image signal v9 and generating 
a digital image signal v2; the horizontal transfer register 
1 for receiving the digital image signal v2 and supplying 
multibit data to a latch circuit 2a, 2b, the latch 
circuits 2a, 2b, ~, each for receiving the multibit data 
and a latch signal v3 and latching data corresponding to 
the level of the image signal v9; and pulse width 
modulating circuits 3a, 3b, ~, each for receiving a latch 
output and a pulse signal v4 for pulse width modulation and 
supplying a gate signal via or vlb of a pulse width 
corresponding to the level of the image signal v9 to the 
gate terminals GA, GB, of the liquid crystal display 
panel 8 through an inverter 4a, 4b, ~. 

The source driving circuit 20S has: a ramp pulse 
generating circuit 5 for supplying a ramp pulse vi to 
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sources of all of FET vertical switches Qa, Qb, and a 
vertical transfer register 6 for applying a gate voltage 
v7a, v7b, ~, to one selected source terminals SA, SB ... 
through the vertical switches Qa, Qb, .... 

The operation of the circuit will now be described. 
As shown in Fig. 2, the image signal v9 to be displayed is 
converted to the digital image signal v2 by the A/D 
converting circuit 10 of the gate driving circuit 20G. The 
digital image signal v2 of one horizontal scan is 
transferred in the horizontal direction by the horizontal 
transfer register 1 by inputting the clock signal vl and is 
then latched in the latch circuit 2a, 2b, ~. 

As for the latched image data, a pulse width signal 
corresponding to the size of the image data is generated by 
the pulse width modulating circuit 3a, 3b, thereby 
generating the output voltage via, vlb, ~., from the output 
buffer 4a, 4b, ~. 

The output buffers 4a, 4b, ~ supply the output voltage 
via, vlb, w , to the gate terminal GA, GB, ~ corresponding 
to the pixel of the liquid crystal display panel 8, thereby 
turning on the FET switching terminals Qla, Q2a, .... 

On the other hand, the ramp voltage vi generated by 
the ramp generating circuit of the source driving circuit 
20s is applied to a liquid crystal display device Cla, Clb, 
~, through the FET switches Qa, Qb, ~, selected by the 
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vertical transfer register 6 from the source terminals SA, 
SB, ~, in the vertical direction of the liquid crystal 
display panel 8. 

At that time, the switching terminal Qla, Qlb, 
connected to the one source line selected 12a , 12b ~, for 
example, the source line 12a is turned on while the buffer 
voltages via, vlb, are applied to the common gate lines 
11a, lib, ~. While the buffer voltages vla r vlb, ~, is 
applied to the switching terminals Qla, Qlb, ~, the 
switching terminal is turned on f the liquid crystal display 
element Cla, clb, ~, connected to the drain of the 
switching devices Qla, Qlb/ is charged by applying the 
ramp voltage vi through the switching devices. 

When the pulse gate voltages via, vlb, ~, applied to 
the common gate lines 12a, 12b ~, are turned off, the 
switching terminals Qla, Qlb ~, also turn off and hold the 
voltage at the level just before the OFF state. 

It is sufficient to charge the liquid crystal display 
elements Cla f Clb, ~, corresponding to the pixel of the 
liquid crystal display panel 8 for one horizontal scanning 
period, for example, 60 jis. Since variation in pulse 
widths of the pulse-width modulated output pulses via, vlb 
... is in the tens of ns, a variation in voltages to be 
charged in the liquid crystal display elements is several 
thousand times less than of the input voltage, so that a 
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variation in luminance of the liquid crystal display panel 
is reduced to a level comparable with that by the 
conventional sample and hold circuit. 
[Effects of the Invention] 

As mentioned above , according to the invention's 
driving circuit of the liquid crystal display panel and its 
driving method, the gates of the switching devices in the 
same horizontal line of the liquid crystal display panel 
having pixels constructed by the switching devices and the 
liquid crystal display elements arranged in a matrix form 
are connected by a common gate line, the sources of the 
switching devices in the same vertical line are connected 
by a common source line, a pulse whose pulse width has been 
modulated in correspondence to the level of an image signal 
is supplied to the common gate line by the gate driving 
circuit, a ramp voltage is applied to only the common 
source line selected by the vertical transfer register of 
the source driving circuit, and the liquid crystal display 
element is charged through the switching element connected 
to the source line, so that no IC requiring a high-precise 
analog device similar to the conventional device is needed 
in the driving circuit and the construction can be realized 
by using simple digital circuits. Consequently, image 
deterioration due to a variation in output voltages of the 
driving circuit can be prevented. 
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Brief Description of the Drawings 

Fig. 1 is a circuit diagram of an embodiment of the 
present invention; Fig. 2 is a voltage waveform chart of 
respective portions for explaining the operation of the 
circuit of Fig. 1; Fig. 3 is a circuit diagram of an 
embodiment of a driving circuit of a conventional liquid 
crystal display panel; and Fig. 4 is a voltage waveform 
chart of respective portions for explaining the operation 
of the circuit of Fig. 3. 

1 ~ horizontal transfer register, 2a r 2b ... latch 
circuits, 3a, 3b _ pulse width modulating circuits, 4a, 4b 
... output buffers, 5 ... ramp pulse generating circuit, 6 ... 
vertical transfer register, 7 ~ liquid crystal display 
panel, 8 ~ liquid crystal display panel, 9a, 9b ... output 
buffers , 10 „. A/D converting circuit, Qa, Qb ... selecting 
switches, Qla, Qlb, Q2a, Q2b .. switching elements, QlOa, 
QlOb ... switches, Cla, Clb, C2a, C2b ... liquid crystal 
display elements, ClOa, ClOb ~ holding capacitors, 11a, lib 
... common gate lines, 12a, 12b ~ common source lines, Tl ~ 
clock input terminal, T2 w data signal input terminal, T3 ... 
latch signal input terminal, T4 ... pulse signal input 
terminal for pulse width modulation, T5 ... clock input 
terminal, T6 start signal input terminal, T7 ... image 
signal input terminal, T8 ... clock input terminal, vl ... 
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clock signal voltage, v2 ~ data signal voltage, v3 ... latch 
signal voltage, v4 ... pulse signal voltage for pulse width 
modulation, v5 ... clock signal voltage, v6 ... start signal 
voltage, v9 ~ image signal input voltage , vi output 
voltage of ramp pulse generating circuit, via, vlb output 
voltages of output buffers, v2a, v2b ~ output voltages of 
switches Qa and Qb, v8a, v8b ~ gate voltages of switches 
QlOa, QlOb « , v7a, v7b ... output voltages of vertical 
transfer register, vlOa, vlOb - output voltages of output 
amplifiers 9a, 9b, ... , vlla, vllb ... voltages of common gate 
lines 11a, lib 



12 



FROM S. E. L. CO. . LTD. 2F N01 



1999^ 9R 6B (3) 1 7 : 02/^Sffll 4 : 08/XB$%480 1 3521 56 P 26 



[Pig- 1] 

1 _ Horizontal transfer register, 2a ~ Latch circuit, 3a ~ 
Pulse width modulating circuit, 4a ... Inverter, 5 ~ Ramp 
pulse generating circuit, 6 » Vertical transfer register, 8 
~ Liquid crystal display panel, 10 _ A/D converting circuit, 
20G - Gate driving circuit, 20S ... Source driving circuit 
[Fig. 2] 

vl ... Clock signal, v2 ... Data signal, v3 ... Latch signal, v4 
~ Pulse signal for pulse width modulation, via ~ Voltage of 
output buffer 4a f vlb ... Voltage of output buffer 4b, v6 «. 
Start signal, vi „ Ramp voltage, v7a ~ Gate voltage of 
vertical selecting switch, v7b .„ Gate voltage of vertical 
selecting switch, v3a ... Voltage of liquid crystal display 
element Cla, v3b _ Voltage of liquid crystal display 
element Clb, v4a ... Voltage of liquid crystal display 
element C2a, v4b ... Voltage of liquid crystal display device 
C2b 

[Fig- 3] 

la ~ Horizontal transfer register, 6a Vertical transfer 
register, 7 ... Liquid crystal display panel, 9a Buffer, 
10a ~ Sampling and holding circuit, 20g .« Gate driving 
circuit, 20s „ Source driving circuit 
[Fig- 4] 

vl ~ Clock signal, v8a ~ Gate voltage of switch QlOa, v8b ... 
Gate voltage of switch QlOb, v9 ... Input image signal, vlOa 
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~ Output voltage of output amplifier 9a , vlOb ~ Output 
voltage of output amplifier 9b, vlla ... Voltage of common 
gate line 11a, vllb ~ Voltage of common gate line lib 
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